flow chart facilitates communication between 62 the pathologist and the systems analyst and will be found extremely helpful for reviewing procedure and pinpointing unnecessary steps and bottlenecks.
Difficulties are also likely to arise when the systems analyst requests quantitative information about the data to be handled by the computer system. He will want to know, for instance, the average load of requests each day, the maximum number expected in any one day, the variation in load at different times of the day, and the number of urgent tests to be expected. He will also want to know such things as the number and length of individual reports, the average length of patients' records, the greatest length to be anticipated for any particular record, and the duration for which patients' records need to be kept in the active file. Some of these questions are readily answered but others involve a considerable amount of research (Fig. 1 ).
The systems analyst will also require an estimate of future needs, as there is no point in designing a system which is only adequate for present loads. It would seem sense to make provision for five to seven years ahead but the question is how to do this. A reasonably accurate prediction can usually be made by plotting on a logarithmic scale the request and test loads for several preceding years and extrapolating the lines forward (Fig. 2) .
DECIDING WHAT COMPUTER FACILITIES SHOULD BE
USED There are three main possibilities: the laboratory could have exclusive use of a small computer sited within its precincts, it could share the facilities of a hospital computer, or it could make use of a computer situated remotely from the hospital. In each case there would be a choice of on-line or off-line working but extensive use in the on-line mode would probably be practical only in the case of the laboratory computer. At the present time there is insufficient experience available to say which approach will prove best, but in practice the decision will be governed by what computer facilities are already available or planned. [1958] [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] , showing how the growth in work loadfollows apredictable course. In any event comprehensive laboratory data processing systems should not be planned in isolation as they must be compatible with medical record systems as a whole.
It seems possible that all laboratory records will eventually be stored in the files of central computer installations which will provide rapid access to all those who need the information. Therefore, when it is envisaged that a small laboratory computer will be used, it should be regarded as eventually forming a satellite to a bigger machine. SELECTING HARDWARE Considerable difficulty arises when choosing equipment as there are many alternatives available and technological advances are so rapid that what seems the best today may be obsolete tomorrow. At the present time, too, when there is so little practical experience available to call upon, it is very difficult to get sound advice. The choice should be influenced by factors other than just price and technological excellence; the viability of the firm, its experience and reputation in the field, the software offered, the adequacy of service facilities, compatibility with existing equipment and with that of other manufacturers, and delivery dates should also be taken into account. Requirements for special accommodation should be allowed for when comparing items of hardware; apparatus needing special environmental conditions, with freedom from dust and close control of temperature and humidity, will necessitate a separate computer room with a costly air conditioning installation and additional communication links with the laboratory.
COLLECTING DATA FOR INPUT Several problems arise during the collection of data for computer input, the first being that of ensuring accuracy. Transcription should be avoided whenever possible and maximum use made of mechanical means of reproducing data. Handwritten entries should also be cut to a minimum, for example, by using request forms which have the test and specimen headings already printed so that all the clinician has to do is to put a mark against those that are appropriate.
A second problem is that of ensuring that the necessary data are complete. One way of achieving this is to transfer information in a block, for example, by reproducing patient identification data with an Addressograph plate. Another way is to design a special data-collection document which makes it obvious to the user when a particular item of information has not been entered (Fig. 3) .
A third difficulty is that of ensuring that the information provided is adequate for its purpose and here patient identification is the chief (Flynn et al, 1968 (Whitehead, Becker, and Peters, 1968 (Flynn, 1965, Flynn, Piper, and Roberts, 1966) and specimen identity (Rappoport, Gennaro, and Constandse, 1967) (Whitby, Proffitt, and McMaster, 1968 ).
This particular problem should not arise with an on-line computer which is able to detect and report errors as they occur and produce reports at frequent intervals.
Another problem concerns the dimensions of stationery which are acceptable to,.standard output devices. These are at variance with the international paper sizes recommended for use in the National Health Service; thus, unless trimmed, computerproduced reports are incompatible in size with all the other documents forming the patient's case notes.
One further problem is the noise created by output devices. This is considerable and is less tolerable than that from input devices as it proceeds in a continuous and monotonous fashion. It is essential, therefore, to soundproof the area where such equipment is placed.
COMMISSIONING THE COMPUTER SYSTEM Persuading staff to accept change is always a problem, especially when they have been in the department for some years. Much patience and tact are needed because of the prevalance of emotional attitudes towards computers and because the staff are being asked to operate what is inevitably a more rigid system. It is not only the laboratory staff who have to be won over if the new system is to work smoothly; some time may have to be spent in explaining the new requirements of the laboratory to the clinicians, the nurses, and medical records staff. (Rappoport, 1965) . With an on-line computer system it should be possible to eliminate this type of work almost entirely. With an off-line system it has been possible to reduce the paper work for the non-clerical staff considerably; for some tests at University College Hospital there is no writing other than the recording of which specimen is put into a particular AutoAnalyzer cup and no calculation of urine outputs or clearances. Elimination of this paper work is. currently saving about 31 man hours each week.
REDUCTION IN THE NUMBER OF ERRORS There are several reasons for expecting the frequency and magnitude of errors to be reduced. In the case of the AutoAnalyzer with automatic data acquisition it is possible to carry out checks on the analytical performance quite automatically. By programming the computer to establish that the calibration standards fall within defined limits, reagents, standards, the performance of the apparatus, and the order of loading are all validated. The standard of work is raised as a result because the checking procedure is consistently applied and cannot be circumvented. Automatic validation of the individual peaks registered by AutoAnalyzers can eliminate other sources of error. With the Elliott ALA off-line data acquisition equipment, peaks affected by serious carryover are automatically marked for repeat, and with an on-line computer system other types of invalid peaks, such as those due to a short sample, could be consistently detected and immediately scheduled for repeat analysis.
Errors due to inaccurate reading of the AutoAnalyzer tracing can also be eliminated. Peak heights can be read more accurately by automatic data acquisition equipment than is possible by eye but more important is the elimination of misreadings. The latter are liable to occur when the values of peaks are read off manually because the figures at the top of the reading chart are far removed from the point of intersection being noted.
Errors of calculation can also be eliminated. At University College Hospital we have investigated retrospectively the frequency of errors of calculation when using an optical density ratio method to determine the concentration of pigments in specimens of liquor amnii. Computer-calculated results were compared with those produced manually under ordinary working conditions. Only addition, subtraction, and multiplication are involved but altogether there are 13 (Table I) , we found 53 significant errors in the manual results, only some of which were subsequently detected by routine checking procedures. Twenty-seven of these errors were considered to be due to inaccurate reading of the peak height or inaccurate correction for drift, and 26 due to a transcription error. Interestingly, when this latter type of error occurred the figure recorded was very frequently biased towards normality.
With a computer system it is possible automatically to flag those results which should be scrutinized carefully by the pathologist. This should improve the efficiency of the final check and therefore contribute another means of reducing the error rate. In the computer program devised at University College Hospital for processing the data from the electrolyte AutoAnalyzer, a cross-check between the plasma results is performed by calculating the anion-cation difference; in the printed table of results produced for the laboratory an asterisk is placed against results with an ion difference greater than 20 or less than 12 m-equiv/l (Fig. 6 ).
FASTER PRODUCTION OF RESULTS Even with a relatively slow computer, such as the Elliott 803 machine, the time taken to perform calculations can be appreciably reduced. The actual operating time required on the 803 to produce and interpret the results of a calculation of the concentration of pigments in a specimen of liquor amnii is 13 seconds compared with 10 to 15 minutes by hand. To this operating time, however, should be added the one or two minutes taken to punch the data tape, the 30 seconds taken to load the necessary program into the computer, and the two minutes required by an off-line teleprinter to print the results from the output tape. With more complex calculations and data handling procedures the benefits in this direction become more impressive. At University College Hospital, using the Elliott 803 computer and a tele- (Flynn and Vernon, 1965; Whitby and Owen, 1965) .
FASTER COMMUNICATION OF RESULTS At present a large proportion of the time taken to return a result to the clinician is taken up in transmitting the report from the laboratory to the periphery. Faster transmission could be achieved with a computer system by making use of a teleprinter link, and the saving in time could be very significant, especially where laboratory services are centralized. The laboratory stands to benefit from such a procedure in so far that it should lessen the enquiries which disrupt its clerical services.
IMPROVED QUALITY CONTROL With a computer available it becomes practical to employ a statistical approach to quality control, using the mean value of near-normal patient results to assess the performance of a method (Whitehead, 1965; Whitby, Mitchell, and Moss, 1967) . At University College Hospital we have found that this technique provides an earlier warning of a method getting out of control than any other procedure and we have now built it into all the computer programs used for dealing with the processing of AutoAnalyzer results (Flynn, 1966 EASIER ANALYSIS OF RECORDS Because of the high speed of search and retrieval operations and the absence of misfiling it is possible to analyse records held on a computer file much more easily and reliably than is possible with manual procedures. The benefits in the realm of laboratory management could be considerable; for example, regular examination of the workload for changes in its pattern should lead to more rational planning of laboratory development and allocation of resources. The ease of specific and class retrieval of data and the possibility of performing linkage studies with other parts of the medical record also open up exciting possibilities for research.
SUMMARY
The problems and benefits of using a computer for laboratory data processing are discussed in the light of experience obtained at University College Hospital, London, in the last five years. The problems covered include the specification of the functional requirements of the computer system, the choice of computer facilities and of hardware, the difficulties associated with getting data into and out of the computer, the writing of computer programs, the commissioning and operation of the system, and the justification of the costs.
The benefits discussed include the streamlining of existing procedure, the reduction in clerical work and in errors, the faster production and communication of results and their improved interpretation and presentation, better quality control, more compact storage of results, and the better accessibility of records for analysis.
